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16. MODELLING PRODUCTION COST AND 
FINANCIAL RETURN OF FOREST 
REPRODUCTION MATERIALS IN 
RELATION TO NURSERY SIZE 
 
Steve Harrison, Nestor Gregorio and John Herbohn 
 
 
Forestry seedling production in the Philippines takes place in government, industrial, 
smallholder and community nurseries. While it might be expected that seedling production 
costs decrease as nursery size increases, surveys have revealed that nursery operators 
have little knowledge about their seedling production costs. To overcome this lack of 
information, financial models have been developed in the ACIAR seedling enhancement 
project for forestry nurseries of a range of sizes, for nurseries using durable infrastructure, 
producing seedlings of indigenous tree species, and following best management practices in 
seedling production. These reveal that the cost per seedling is high for small nurseries, but 
becomes relatively constant at about $0.35 US per seedling for annual production above 
about 25,000 seedlings a year. The need is identified for further research on nursery costs 
(particularly in relation to labour costs, source and type of germplasm), market demand for 
seedlings from nurseries accredited with adopting best management practice, and benefits 
of vertical and horizontal integration of forestry nurseries. 
 
 
INTRODUCTION 
 
Research in the ACIAR seedling enhancement project in Leyte and Mindanao in the 
Philippines has revealed that forestry nurseries often lack financial viability. In interview 
surveys of nursery operators in these areas, few were able to provide any indication of their 
seedling production costs. A wide variety of sizes are to be found for smallholder, 
community, commercial and government nurseries. Various policy issues arise concerning 
the ownership type and scale of operation of forestry nurseries, their performance in meeting 
demands of treefarmers in terms of species range and seedling quality, and the nature of the 
competition between government and private nurseries.  
 
Large nurseries can be expected to have relatively low production costs due to economies of 
size consideration. This observation favours a nursery sector with a relatively small number 
of large nurseries. On the other hand, for smallholders interested in tree farming who lack 
transport facilities, proximity of nurseries is important for access to seedlings. The existence 
of this tradeoff between nursery size and spatial distribution has implications for efficient 
structure of the nursery sector, and in particular for the design of new nurseries. This 
suggests a need to determine the cost of seedling production for various nursery sizes, and 
perhaps to explore systems of integrated nurseries for supplying large seedling markets and 
multiple market outlet arrangement for individual large nurseries to supply spatially scattered 
small customers. 
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The research reported here involves the use of financial modelling to examine the 
economies of scale or size1 of forestry nurseries, and the tradeoff between nursery size and 
accessibility to potential customers. Size effects are examined by analysis of nurseries of 
various production capacities using a common analysis framework. Species and germplasm 
type are examined only insomuch as use of wildlings of indigenous species and seed of 
indigenous or exotic species are considered in the analysis. In terms of nursery 
management practices, attention is limited to nurseries which are certified for production of 
high quality seedling, following best management practice (BMP) technology. 
 
Overall nursery financial performance, and seedling (and wildling) production cost, are 
estimated for a range of forest nursery sizes. The analysis is set in a livelihood project 
context with a requirement for large-scale planting of indigenous tree species as green 
offsets to compensate for biodiversity loss due to land development projects. 
 
RESEARCH METHOD 
 
The Business Models 
 
In terms of nursery business models, it is assumed here that new nurseries will be privately 
owned and operated, by smallholders, communities or companies (depending in part on 
nursery size). In reality, nurseries producing less than about 5000 seedlings a year and likely 
to be operated by individuals – particularly smallholders – producing seedlings in part for 
their own use, nurseries producing up to about 50,000 seedlings a year might be operated 
by communities, and large nurseries could be owned and operated by the mining company 
or other companies.  
 
Financial analysis is carried out for six nursery sizes, in terms of annual seedling 
production2, of 2000, 5000, 25,000, 50,000, 100,000 and 200,000 units, produced in two 
batches. The construction and operation of nurseries of these sizes are treated as financial 
investment projects, to be analysed by investment project analysis (IPA) methods. For this 
analysis, the factors affecting seedling production costs have been standardized as much as 
possible in the financial models. As the nursery size increases, the size of the nursery 
components and the allowance for labour and other variable inputs is increased. Minor 
variations are made in capital and labour intensity with nursery size. 
 
The analysis setting involves some specific features in relation to the production of forest 
reproductive material (FRM): 
 
1. FRM is to be produced mainly for large-scale plantings, with a reliable market over 
the assumed project life. 
2. The nurseries are to be certified for producing high quality seedlings, following BMP 
standards. This implies a need for training, and for quality inspection. 
3. Some capital support will be available for nurseries operated by mine affected 
individuals, groups or communities. 
                                                            
1 Economists generally use the term ‘economies of scale’ to refer to situations where all factors of 
production are varied in fixed proportions, and ‘economies of size’ where the proportions of factors 
of production are not fixed. A common example of economies of size is in short-run relationships 
where there is fixed infrastructure, but quantities of variable inputs can be increased to increase 
output. When construction of new nurseries is being planned, the scale of all inputs can be varied; 
however larger nurseries can be more capital intensive with labour savings, so again pure scale 
relationships do not exist.  
2 The term ‘seedling’ is used here to refer to forest reproductive materials produced from either seed 
or wildlings. 
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4. Durable materials are to be used, because of uncertainty about availability of asset 
replacement capital for small nurseries operated by indigenous communities, and the 
need for tight production schedules by large nurseries. 
5. A relatively high proportion of wildlings is to be used as germplasm, due to the 
difficulty of obtaining seed for dipterocarps and other indigenous species and the 
need to use endemic genetic material as much as possible. 
 
All of these requirements make for relatively high-cost seedling production, relative to 
existing smallholder and even government forestry nurseries in the Philippines. 
 
The Financial Modelling Approach 
 
The IPA involves using the financial analysis functions and other features of MicroSoft Excel 
to estimate annual net cash flows and perform discounted cash flow (DCF) analysis to 
generate financial performance indicators (net present value or NPV, internal rate of return 
or IRR, and payback period), as well as some social indicators (relating to employment and 
the need for financial support). 
 
The general nursery physical structure for each nursery size option follows that described by 
Gregorio et al. (2010b). Project costs are divided into capital outlays and operating costs. 
The main capital outlays are for land, nursery buildings (germination shed, potting shed, 
transplant shed and hardening beds) and tools and equipment. Annual operating costs are 
incurred for labour, potting medium, polybags, fertilizer and other annual inputs. Project 
revenue arises from sale of seedlings. 
 
The spreadsheets of the financial models are divided into a number of blocks, as illustrated 
in Figure 1. The parameter estimates are first listed. These are followed by the annual cash 
flows, which contain calculations based only cell references to the assumed parameter 
values. The various performance estimates are then presented. Next, sensitivity analysis 
indicating how NPV changes with the more critical parameter estimates is then provided. 
Finally, some further financial analysis assumptions are reported.  
 
Figure 1. Generalized structure of the spreadsheets 
 
Parameters – general, capital outlays, costs, revenue, financial  
Cash flow table – capital outlays, operating costs, project revenue 
Financial and social performance indicators   
Sensitivity analysis – NPV profile, capital subsidy profile, 
sensitivity to key parameters 
 
Major assumptions of the analysis  
 
The nursery size alternatives are evaluated over a project life of 12 years. The assumed 
required rate of return or discount rate (approximating the weighted average cost of capital 
from any sources) is 15% (the rationale of which is reported by Harrison et al. 2010). A 
constant price analysis is conducted. This in effect excludes inflation, and assumes that 
there are no differences in the rates of increase in prices of inputs and outputs over time. All 
costs and revenues are reported in US dollars (US$1 = 50PhP approximately). It is assumed 
that sufficient seed can be obtained for 50% of the production, and that wildlings collected 
from the mining project area will account for the other 50% of FRM. 
 
Seedling Production Cost vs Nursery Size 
 
144 
 
Where possible, the same assumptions are made for each nursery size. However, some 
variations were needed, as set out in Table 1 and reported as specific parameter levels in 
Attachment 16A. These variations include exclusion of some of the capital and operating 
cost items, and lower rates for others (including the regular wage rate) for the smaller 
nurseries. 
 
Table 1. Variations in assumptions in financial models between nursery sizes 
 
Model feature Applicability in relation to nursery size 
Operators work full-time in the nursery Nurseries producing 25,000 or more seedlings a year 
The nursery has a vehicle and refrigerator Nurseries producing 50,000 or more seedlings a year 
Land area, size of nursery structures, 
number of workers and training days 
Varies with nursery output level 
Office, bunkhouse and storage area Nurseries producing 25,000 or more seedlings a year 
Allowance for working capital Only for nurseries producing 100,000 or 200,000 
seedlings per year 
Wage rates and on-costs of nursery 
operators 
A lower wage rate is applied for the smaller nursery 
size (2000 and 5000 units/year), and on-costs are 
applied for 100,000 or 200,000 unit nurseries only 
Casual workers employed for bagging up Nurseries producing 25,000 or more seedlings a year 
Variable inputs of fertilizer, fungicide and 
insecticide 
Quantities vary between each nursery output level 
Revenue tax is paid by the nursery Nurseries producing 100,000 or more seedlings a year 
Accounting and auditing costs Nurseries producing 50,000 or more seedlings a year 
 
 
Data Sources 
 
Data to inform the financial modelling draws on nursery studies reported by Gregorio et al. 
(2010a) for Leyte and Edralin and Mercado (2010) for Mindanao, visits to seedling nurseries 
in various regions in the Philippines by the authors, cost data recorded from the construction 
of the demonstration nursery at Visayas State University (VSU), and literature search.  
 
OUTPUTS FROM THE FINANCIAL ANALYSIS 
 
Example Financial Model 
 
An example of the financial analysis – for a nursery producing 25,000 seedlings (and 
wildlings) year – is presented in Attachment 16B. This nursery size could be well suited to a 
community seedling nursery, with several community members contributing on a full-time or 
part-time basis. The first screenshot in this attachment lists the parameter levels, the second 
presents the annual cash flows, the third summarizes the performance indicators, and the 
final screenshot lists some of the main assumptions. 
 
As indicated in the performance indicator summary (third screen shot), the project would 
result in a negative NPV unless some financial support was provided towards the capital 
outlays. In fact, capital support of at least about $4500 or 27% of the total outlays on 
equipment and initial training of about $17,000 would be required for the project to be 
financially viable. It is to be noted that in the cost calculations an allowance for wages of the 
nursery workers of $5/day per full-time labour unit is included, plus an allowance of $4/day 
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for casual staff for ‘bagging up’. If the project were to exactly break even financially, the 
workers could well be happy to continue given this earning rate for participants. 
 
The project would support a required rate of return of 13% (the IRR). It employs 4.2 FLU 
equivalents (4 of which are for regular staff and 0.2 for casual staff). Labour accounts for 
more than three quarters of annual operating costs. The total production cost per seedling is 
38 cents. 
 
Overall Nursery Performance Summary 
 
Table 2 summarizes the performance indicators over the various nursery sizes. The first five 
of these set out the financial performance, in terms of capital outlays, NPV and extent of 
capital subsidy required for the nursery size options to be financially viable. Nurseries in the 
two smallest size classes lack financial viability, even if the capital outlays (including initial 
training costs) are fully subsidized. Only the largest sized nursery is expected to be 
financially viable without any financial support. IRR (and payback period) provide little 
information in the financial analysis, because of the relatively low capital intensity, 
particularly if financial support is provided. 
 
Table 2. Financial and social indicators by nursery size 
 
Performance indicator Nursery size (1000 seedlings per year) 
2 5 25 50 100 200 
Initial capital outlay ($) 4144 4313 17136 41631 87501 123247 
NPV with no capital subsidy ($) -5500 -4510 -1514 -2829 -17407 76949 
NPV with 100% capital subsidy ($) -1356 -197 15623 38802 70093 200196 
Breakeven capital subsidy (% of cap. outlay) 133% 105% 9% 7% 20% 0% 
IRR with no capital subsidy (%) NegativeNegative 13.0% 13.5% 10.4% 27.3% 
Number of full-time labour equivalents (FLU) 0.6 1.54 4.2 6.4 10.8 16.6 
Labour/capital ratio (% of present values) 108.3% 216.7% 181.6% 135.1% 109.7% 117.0%
Labour cost as share of annual  
operating cost (%) 76.8% 81.9% 77.1% 76.6% 65.4% 63.7% 
Operating cost/seedling produced ($) 0.59 0.46 0.32 0.29 0.29 0.23 
Total cost/seedling produced ($) 0.77 0.53 0.38 0.37 0.37 0.28 
 
Seedling nurseries can contribute to job creation for mine-affected communities. In present 
value terms, the labour to capital ratio is high, even with the durable infrastructure budgeted 
in the analysis. Labour cost accounts for well over half of annual operating costs, even for 
the largest nurseries. 
 
Economies of Size and Relationship with Employment Benefits 
 
Figure 2 illustrates how seedling production cost varies with nursery size, in terms of 
operating cost and in terms of total cost (including capital outlays). The operating cost 
per seedling produced indicates the seedling price which would need to be obtained for 
an established nursery to continue to operate. The total cost is relevant when deciding 
whether to establish a forestry nursery, and indicates the seedling price which would be 
needed to justify the nursery establishment and operating costs. The graph of this latter 
curve is known as the long-run average cost (LRAC) or planning curve for the nursery 
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industry3. These costs are very high for small nurseries, but become approximately 
constant for nurseries producing 25,000 seedlings a year or more, at about 30 to 40 cents 
per seedling.  
 
 
 
Figure 2. Seedling production cost in relation to nursery size 
 
From an industry planning perspective, it would seem that an optimal size in terms of 
controlling seedling production costs but providing livelihood benefits might be at about the 
25,000 unit level. A nursery of this size might also provide reasonable access for non-
industrial customers. A very large nursery could probably reduce seedling production cost 
further, through use of labour saving measures, and might be more suitable for large-scale 
planting programs. 
 
Cost Implications in Relation to Species Choice and Germplasm Source 
 
In the financial analyses, the additional cost of purchasing wildlings relative to seedlings is 
taken into account. However, the lower cost within nurseries from not having to germinate 
seedlings is not evident because labour requirements have not been broken down according 
to tasks. Even allowing for the wildling purchase price – due to the wildling collection task as 
described by Harrison et al. (these proceedings) – it is expected that wildlings would be less 
costly to produce than seedlings. This would be particularly the case when high quality seed 
has to be purchased, if indeed the seed were available for native tree species. A program of 
seed collection from identified superior mother trees, or use of clonal material from 
hedgerows, could reduce this germplasm cost. 
 
When purchased or collected seed is used as the germplasm source, the cost of seedling 
production could vary with species grown, in terms of seed cost, seed pre-treatment cost, or 
time required for seedlings to be ready for sale. Variation in seed price would probably have 
little impact on NPV, because it is a relatively small cost component, and in any case might 
be compensated by higher seedling prices. Time in nursery in itself would also have little 
impact, provided two batches could be produced per season. On the other hand, activities 
                                                            
3 It is assumed that the discrete nursery sizes are the efficient sizes for the output levels specified, i.e. 
that the nurseries would produce these outputs at the lowest possible cost. The long-run average 
cost curve is by definition the lower envelope of the many possible short-run average cost curves 
(with fixed infrastructure). 
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which require additional labour input – such as seed pre-treatment or additional watering – 
could add to cost and reduce NPV.  
 
SUGGESTIONS FOR FURTHER RESEARCH 
 
The analysis suffers from some limitations, and further research into the financial aspects of 
forestry seedling production is desirable. In a sense, a financial analysis is never finished; 
there is always scope for further development and refinement of estimates. Some simplifying 
assumptions have been made in the analysis – including use of constant prices and 
exclusion of salvage values – but these would not make much difference to NPV. Notably, 
the sensitivity analysis reveals which parameters ‘matter the most’, in terms of their 
precision. This informs the researchers about where make efforts to improve the estimates, 
or where the project should be managed intensively to achieve high performance (e.g. 
labour efficiency, product marketing). In terms of economies of scale, the analysis provides 
quite robust conclusions. 
 
While the nursery infrastructure costs, which will be incurred in the near future, are 
reasonably predictable, prediction is more difficult with respect to labour requirements for 
seedling production and sale prices of certified seedlings of both native and exotic species. 
Improved labour estimates could be obtained through observations in nurseries of various 
sizes. Sale prices of certified seedlings will depend on the popularity of tree farming in the 
future, and also on the premia which are attracted by high quality seedlings, both of which 
are surrounded by considerable uncertainty. The need to examine in more detail the 
relationships between seedling production cost and source and type of germplasm is to be 
noted. The financial models developed in this study provide tools for examining some of 
these further research issues. 
 
Clearly, further analysis is needed on various aspects of forestry nursery systems. An 
important area concerns obtaining better estimates of labour cost. This could involve time 
measurements and recording for various tasks in seedling production, e.g. preparing 
germination trays, pricking out and potting up, control of weeds and other pests, culling 
defective seedlings, and watering. Another area for study of costs concerns how these vary 
with species type – e.g. exotic versus indigenous, timber versus other species including 
fuelwood and rubber – and between individual species and species mixtures. 
 
Research is also needed into the benefits of vertical and horizontal integration of forestry 
nurseries. Examples of integrated seedling production and marketing systems include where 
nurseries have multiple showrooms and selling points, and where high-volume seedling 
users contract out with small-scale nurseries. Further data collection and more complex 
modelling would be required to examine the financial aspects of these business models. 
 
DISCUSSION AND POLICY IMPLICATIONS 
 
The research reported here represents a major step in the financial analysis of seedling 
production costs. It seems clear that very small nurseries (typical of smallholder nurseries) 
will incur high seedling production costs, would probably not justify the expenditure required 
for durable infrastructure and certified seedling production. However, medium sized 
nurseries (possibly community nurseries) and large industrial nurseries are likely to produce 
seedlings at acceptable cost. Medium sized nurseries probably have advantages in terms of 
job creation. 
 
The analysis reported here does not address the overhead costs of promoting seedling 
nursery development. For any nursery size, refresher training of regular staff would be 
desirable to ensure continuity of high seedling quality. For community nurseries, it is 
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probable that a community organizer will need to be engaged to coordinate planning and 
training. 
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Attachment 16 A. Capital outlay and operating cost variations between nursery sizes 
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Attachment 16 B. Screenshots of Excel spreadsheet for nursery producing 25,000 
seedlings a year 
 
 
 
ACIAR Seedling Enhancement Project 
151 
 
 
 
Seedling Production Cost vs Nursery Size 
 
152 
 
 
 
